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BT  RODS,  RDiaS,  OBID^  AIID  SHZSLDS  JJSDm.  IktSR 

By  J.  K.  L.  MacDonald 

1.  Introduetlono  The  Applied  Mftthstaatios  Pauwl  Umo 
Ho.  80*1«  by  Professors  Counmt*  Priedrlohs  sad  3toksr, 
dovoloped  ft  limit  theory  for  the  soettering  of  aovtA  ««k.ves 

by  thin  shells  of  solid  oeteriftl  tnoderwater.  Siieh  shells  ere 
used  in  the  form  of  streainlined  "donee*  enelosizig  anti-sttenarine 
eound  promotion  and  detection  deviees.  Other  shapes  of  solide. 
to  vhioh  the  above  nentioQed  theory  does  not  directly  apply* 
are  also  used  in  these  doaes.  In  partieulart  reinforeing  grids 
and  ribs  are  often  spot-«elded  to  the  l^ide  surface  of  the 
shell*  and  large  rigid  sbiolds  are  usually  employed  to  reduce 
interferenee  due,  for  eauQ>le»  to  propeller  noises.  It  is  of 
interest  to  determine  t^  distortion  of  sound  beaos  due  to  sudh 
reinforcements  and  to  detemdne  the  efficiency  of  shields.  The 
present  investieation  eas  taodertaken  to  develop  fonoulas  for 
•ueh  effeete.  A  Batheomtieal  treatment  of  the  problems  is  being 
prepared  for  separate  distribution, 

2.  Ifcin  Reeults.  It  ms  found  that  the  scattering 
properties  of  thin  rods  and  grids  are  quite  different  frora  those 
of  thin  shells.  In  particular*  for  a  caunonly  used  type  of  grid 
the  eeattering  «ae  foiad  to  be  nearly  equivalent  to  that  due  to 
a  shell  of  BSiss  only  one  eighth  that  of  the  grid. 

(ieneral  formulas  wsre  obtained  for  the  scattering  due 
to  individual  rods,  rings  and  shields.  These  formulas  oan  be 
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tts«d  to  ealoulat*  toiuaually  large  •dattering  IntMosltlds 
Maoelatad  with  aooid«ntally  bad  tpaeing  of  •oattorlng  eleoMnta. 
Betomnoo  of  foots  for  dirootj-ro  bwao  fonoratad  by  Tlbratlng 
aroas  on  a  aphere  eonoentrio  with  a  done  were  detennlaed.  Small 
ehangee  in  the  radii  or  in  the  frequenoy  were  ehomi  to  produce 
narked  changes  in  the  total  aaouat  of  seatterlng  by  the  done 
(and  by  the  sxirfaoe  of  the  projector). 

Prcna  the  rlovrpolnt  of  theory  it  is  thoxight  by  tlie 
erlter  that  the  nain  feature  of  the  urork  ie  the  devvlepoent  of 
flexible  equations  for  the  treatnent  of  general  problems  in 
eeatterlng  by  use  of  propertlee  whieh  nay  be  fouod  in  e^qplioitly 
eolTtble  eases. 


S.  Outline  of  Methods.  Osing  the  saae  hydrodynandoal 
basis  as  In  the  bhbk)  asntioned  in  §1«  adaptable  foran  of  Integral 
eqtiations  for  the  pressure  amplitudes  due  to  seund  waTss  are 
obtained.  These  equations  ean  be  inter^eted  in  a  standard  way 
as  expressimis  for  am  saplitode  at  any  point  in  terns  of 
strengths  of  seeoadary  soureee  on  and  in  the  soatt^^ring  body. 
These  strengths  depend  only  on  the  local  behavior  of  the  amplitudes* 
and  when  the  latter  are  known  at  least  approxlnately.  the  scattering 
ean  be  determined  at  o^ier  points.  In  praotlee  the  Intensity  of 
scattering  observed  at  large  dietanees  from  the  projector  is  usually 
of  major  interest  in  oonneetion  with  distortion  of  the  beam  of 


To  detemlne  the  general  orders  of  ina(7iltude  of  the 
seeondary  soureee «  several  known  solvable  eases  were  examined  t 
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(1)  Pluw  VKTts  ineidant  upon  an  Infiziito  plane  slab. 

(2)  3ph«rrioal  Ka-rts  In  oonoantrlo  shalla. 

(8)  Plana  wv«s  Incident  uv<m  a  tnoall  aphar*  ae  iqxm  a  tliin 

infinite  cylinder. 
(4)  ilane  hatos  upon  a  perfectly  rafleeting  half  plana. 

Cloaed  fonaulaa  were  available  for  oaaea  (l)«  (2)  and  (4)*  and 
aapreaeiona  for  (8)  were  derived  suitable  for  oaloulationa 
aeaurate  >irithin  8^.  For  armll  thiekneaaea  the  fonaulaa  for 
(1)  and  (2)  reduce  to  those  for  thin  ahslls  developed  in  tho 
Mno  referred  to  above.  A  rather  unexpected  difference  beta»Mi 
the  almracteristics  of  thin  ahells  and  of  thin  rods  or  luops 
«aa  found.   If  the  intenaity  of  vibration  of  the  projeotor  ia 
iaaintained>  then  the  intrpduotion  of  a  thin  ahell  hardly  altera 
tha^  anplitude  in  the  nater  beside  the  shelly  but  inside  tlx) 
aball  the  rata  of  variation  of  amplitxide  ;7ith  distanee  fron  the 
faaa  ia  magnified  in  tha  ratio  of  "shell  denaity  to  vwiter 
toaaiiy" .  il'or  thia  or^linJora  (or  srall  3jher0a»  or  in  geaera^ 
for  thin  rode  and  lumpa)  tlie^reverse  ia  the  eaao  (tho  pressure 
aaplitudes  being  hardly  altered  in  the  region  occupied  by  tha 
aylinder*  but  nagniflcatiam  of  the  rate  of  ehange  of  presatira 
idtt  diatanaa  outward  near  tha  eylinder  being  laroduoed  in  tha 
ratio  of  "aolid  danaity  to  water  denaity".) 

Pw  a  perfeotly  i-erieotlng  half  plane  tl'^o  amplitudaa 
ai'e  unalteroJ  uo  the  ed^  vflien  the  refleetor  ia  introduced. 
Hoarever,  within  about  three  wavelengtha  from  the  ed^  the  applitudoa 
are  alrraoat  doubiod  on  tlio  "exposed"  nido  o^'  ttie  refleotor«  and 
are  reduced  almoat  to  eero  on  the  "ahaded  aide".  Sinoe  Htm 
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mtrelength  of  sound  used  Is  about  6  «n  as  contrasted  vrifh 
around  0.00006  em  for  light«  acoustio  sliadow  effects  are 
relatively  diffuse. 

The  different  obaraoterlstic  changes  in  tho  local 
asplitudes  when  thin  shells «  thin  rods  and  large  reflecting 
shields  are  placed  in  the  path  of  sound  waves  correspond  to  the 
production  of  different  eharaoteristio  secondary  source  distri- 
butions. These  distributions,  when  known*  permit  the  oaleulation 
of  the  different  types  of  scattering  producer!  by  tho  respeotlT* 
forms  of  scattering  bodies.  In  most  of  these  ealeulationa, 
various  forms  of  Bessel  functions  appear,  and>  except  for  the 
ease  of  large  shiolds*  the  expressions  are  not  very  ooaplioated. 

A  series  expansion  and  some  Integral  transformations 
permit  tho  determination  of  ''equivalent  thin  shells"  for  grids 
with  bar  thickness  not  store  than  one  fifteanth  of  a  wavolength, 
and  with  bar  spacing  not  mors  than  one  half  of  a  >vaveleu£th9 
It  was  found  that  the  equivalent  shell  should  have  a  nass 
equal  to  that  of  the  amount  of  water  displaced  by  the  grid, 
provided  that  the  amount  of  scattering  is  required  only  for 
distant  points. 

The  shielding  effaot  of  a  spherical  surface  of  the 
projector  on  the  waves  scattered  by  the  dome  is  described  ma the- 
natloally  In  terms  of  syanoetry  properties  of  Legendre  fuuotiuns 
and  by  use  of  asymptotic  forms  for  Bessel  functions,  l^liolt 
"acoustic  images"  iaT>«iff»ctly  -absorbing  and  in  perfectly  absorbing 
and  in  perfectly  reflecting  spheres  are  obtained.  Oeneral  sldelding 
effects  are  still  under  Investigation. 


-  6  - 


Ihe  uritor  wishea  to  «Kpr*s«  his  IndabtediiMs  to 
Frofttsaor  Courant  for  augeMtlng  and  atipportliie  tlw  lowstlGfttion* 
•ad  to  i^rofessors  Courant*  Friedrioha  and  ^tokor  for  halpful 
ito  and  Idnd  anootaraeooMnt. 


N£W  YORK  UNIVERSITY 

jN^TfTUTE  OF  MATHEMATICAL  SCIENCESj 

LIBRARY 

4  Wjisttingmn  Place,  New  York  3,  N.  Y^ 


a.  O 

>  I 

2  m 

a>  H 

-•  n 


8 


2    £ 


i-  s 


S 

8 


NEW  YORK  UNIVERSITY 

INSTfTUTE  OF  MATHEMATICAL  SCIENCES 

LIBRARY 

4  Washington  Place.  New  York  3,  N.  Y 


